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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the ftiel cell system which has the fuel cell (10) which generates electrical energy by the 
chemical reaction of hydrogen and oxygen, 

The hydrogen supply path for supplying hydrogen to said fuel cell (10) from a hydrogen feeder (31) 
(30), 

The off-gas circulation path which the off-gas discharged from said fuel cell (10) including the 
unreacted hydrogen which was not used for said chemical reaction among said hydrogen supplied to 
said fuel cell (10) is made to join said hydrogen supply path (30), and carries out recycling to said 
fiiel cell (10) (34), 

An off-gas circulation means to be controllable in the circulating load of said off-gas while making 
said off-gas circulation path (34) circulate through said off-gas, and to mix said off-gas in said main 
supply hydrogen further (38), 

The fuel cell system characterized by having a means to detect the output request to said fuel cell, 
and controlling the discharge pressure of said off-gas circulation means based on said output request. 

[Claim 2] 

It has a pressure detection means (33) to detect the discharge pressure of said off- gas circulation 
means (38), 

The fuel cell system according to claim 1 characterized by controlling the circulating load of said 
off-gas by said off-gas circulation means (38) based on the discharge pressure of said off-gas 
circulation means (38) detected with said pressure detection means (33). 
[Claim 3] 

Said off-gas circulation means (38) is a fuel cell system according to claim 1 or 2 characterized by 
being the ejector vacuum pump which can carry out adjustable control of the opening area of said 
nozzle (383) at arbitration while having the nozzle (383) into which said main supply hydrogen 
flows. 
[Claim 4] 

The fuel cell system according to claim 3 characterized by adjusting the amount of ejection of the 
edge of the shape of said taper from said nozzle (383) to the interior of said nozzle (383) because the 
movable needle (385) which has a taper-like edge is arranged in same axle and moves said movable 
needle (385) to shaft orientations. 
[Claim 5] 

Said movable needle (385) is a fuel cell system according to claim 4 characterized by driving by the 
electric driving means (388). 
[Claim 6] 

The fuel cell system according to claim 4 characterized by connecting a spring means (389) to said 
movable needle (385), giving the discharge pressure of said off-gas circulation means as a load to 
said spring means (389), and changing the opening area of said nozzle by load balance of said 
discharge pressure and said spring means. 
[Claim 7] 

Claim 1 characterized by having a heating means (392) to heat said off-gas circulation means (38) 
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thru/or the fuel cell system of any one publication of six. 
[Claim 8] 

Said heating means (392) is a fuel cell system according to claim 7 characterized by being applied 
and prepared in the hydrogen outflow direction downstream from the point of said nozzle (383). 
[Claim 9] 

Said heating means (392) is a fuel cell system according to claim 7 or 8 characterized by being a 
PTC heater. 
[Claim 10] 

Claim 1 characterized by having a hydrogen supply pressure regulation means (32) to adjust the 
pressure of the main supply hydrogen supplied from said hydrogen feeder (31) thru/or the fuel cell 
system of any one publication of nine. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention applies [ to mobiles, such as a car, a vessel, and a portable electric organ, ] about the 
fuel cell system which has the fuel cell which generates electrical energy by the chemical reaction of 
hydrogen and oxygen and is effective. 
[0002] 

[Description of the Prior Art] 

For fall prevention of the fuel utilization rate of a fuel cell, and generating efficiency, the off-gas 
discharged from the fuel electrode of a fuel cell is attracted with pumping plant, and the fuel cell 
system which mixes to a supply fuel and carries out recycling to a fuel cell is known. Since saving 
power-ization can be attained using the fluid energy of a supply fuel, the ejector vacuum pump 
equipped with an ejector nozzle is mainly used for the pumping plant for carrying out recycling of 
the off-gas. 
[0003] 

By the way, in a fuel cell system, in order to make small differential pressure by the side of an 
oxygen pole, there is a request of wanting to maintain a fuel supply pressure at a predetermined 
value, from the reason for purging the moisture which exists in a fuel electrode etc. for stabilization 
of a fuel cell output. However, as for an ejector vacuum pump, the outlet fuel pressure (fuel supply 
pressure) and the amount of off-gas circulating flow of an ejector vacuum pump are changed with 
fluctuation of the pressure and flow rate of a supply fuel. Moreover, an ejector vacuum pump has the 
problem that the flow rate control range of off-gas is narrow. 
[0004] 

On the other hand, while having prepared bypass piping for two or more pressure control valves and 
pressure regulation, a pressure control valve is interlocked with an oxidizer feed zone pressure, and 
consists of systems indicated by JP,2001 -266922, A controllable. 
[0005] 

[Problem(s) to be Solved by the Invention] 

However, with the configuration of the above-mentioned conventional technique, bypass piping for 
two or more pressure control valves and pressure regulation etc. is needed, and there is a problem 
that a system is complicated. Moreover, to an oxidizer supply pressure, control of a fuel supply 
pressure is a result and cannot respond to a highly precise fuel-supply-control demand. Furthermore, 
when the pressure fluctuation of an oxidizing agent supply pressure occurs, a fuel supply pressure is 
also changed in connection with this (hunting), and it is possible that a generation of electrical 
energy with a fuel cell becomes unstable. 
[0006] 

Moreover, the steam component contained in off-gas may solidify an ejector nozzle near the nozzle 
under a low-temperature environment. Thereby, the wall surface change of state according [ a nozzle 
outlet aspect product ] to change or water condensation (ice) occurs, and there is a possibility that the 
off-gas control of flow by the ejector may be confused. 
[0007] 

This invention aims at it being accurate and enabling adjustment of the fuel supply pressure to a fuel 
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cell with an easy configuration, in view of the point describing above in the fuel cell system to which 
recycling of the off-gas is carried out. Furthermore, it sets it as other purposes to make possible fuel 
supply control stabilized under the low-temperature environment. 
[0008] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, in invention according to claim 1 The hydrogen 
supply path for being the fuel cell system which has the fuel cell (10) which generates electrical 
energy by the chemical reaction of hydrogen and oxygen, and supplying hydrogen to said fuel cell 
(10) from a hydrogen feeder (31) (30), The off-gas discharged from a fuel cell (10) including the 
unreacted hydrogen which was not used for a chemical reaction among the hydrogen supplied to the 
fuel cell (10) is made to join a hydrogen supply path (30). While making an off-gas circulation path 
(34) circulate through the off-gas circulation path (34) which carries out recycling to a fuel cell (10), 
and off-gas, are controllable in the circulating load of off-gas. It has an off-gas circulation means 
(38) to mix off-gas in the main supply hydrogen furthermore, and a means to detect the output 
request to a fuel cell, and is characterized by controlling the discharge pressure of said off-gas 
circulation means based on said output request. 
[0009] 

Thus, the discharge pressure of an off-gas circulation means (38) is controllable by the simple 
configuration with a sufficient precision controlling the amount of off-gas circulating flow for an off- 
gas circulating load based on the output request to a fuel cell using a controllable off-gas circulation 
means (38). 
[0010] 

Moreover, the discharge pressure of an off-gas circulation means (38) is controllable by the simple 
configuration with a sufficient precision controlling the circulating load of the off-gas by the off-gas 
circulation means (38) by invention according to claim 2 based on the discharge pressure of an off- 
gas circulation means (38). 
[0011] 

Like invention according to claim 3, specifically, an off-gas circulation means (38) can use opening 
area of a nozzle (383) as the ejector vacuum pump which can carry out adjustable control at 
arbitration while having the nozzle (383) into which the main supply hydrogen flows. 
[0012] 

Moreover, the adjustable control of the opening area can be carried out at arbitration by adjusting the 
amount of ejection of the edge of the shape of a taper from a nozzle (383) to the interior of a nozzle 
(383) like invention according to claim 4 by the movable needle (385) which has a taper-like edge 
being arranged in same axle, and moving a movable needle (385) to shaft orientations. 
[0013] 

Moreover, a movable needle (385) can be driven by the electric driving means (388) like invention 

according to claim 5. 

[0014] 

Moreover, in invention according to claim 6, since a spring means (389) is connected to a movable 
needle (385), the discharge pressure of an off-gas circulation means is given to the spring means 
(389) as a load and nozzle opening is automatically chosen according to a discharge pressure, a 
system can be simplified more. 
[0015] 

Moreover, in invention according to claim 7, it is characterized by having a heating means (392) to 
heat an off-gas circulation means (38). Thereby, it can prevent that moisture solidifies inside an off- 
gas circulation means (38) under a low-temperature environment. Turbulence of the fluid flow inside 
an off-gas circulation means (38) to generate with water condensation (ice) can be prevented by this, 
and highly precise flow rate supply control can be performed. 
[0016] 

Moreover, in invention according to claim 8, the heating means (392) is characterized by being 
applied and prepared in the hydrogen outflow direction downstream from the point of a nozzle (383). 
Thereby, the off-gas containing moisture can heat the part mixed with the main supply hydrogen, 
and can prevent the coagulation of moisture effectively. 
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[0017] 

Moreover, in invention according to claim 9, the heating means (392) is characterized by being a 
PTC heater. Since the PTC component used for a PTC heater has a self-temperature control function, 
it can make energization control unnecessary and can carry out it to a simple configuration. 
[0018] 

Moreover, in invention according to claim 10, it is characterized by having a hydrogen supply 
pressure regulation means (32) to adjust the pressure of the main supply hydrogen supplied from a 
hydrogen feeder (31). Thereby, the discharge pressure of an off-gas circulation means (38) is broadly 
controllable. 
[0019] 

In addition, the sign in the parenthesis of each above-mentioned means shows correspondence 
relation with the concrete means of a publication to the operation gestalt mentioned later. 
[0020] 

[Embodiment of the Invention] 
(The 1 st operation gestalt) 

Hereafter, the 1 st operation gestalt of this invention is explained based on drawing 1 - drawing 3 . 
The fuel cell system of a **** 1 operation gestalt applies a fuel cell to the electric vehicle (fuel cell 
car) it runs as a power source. 
[0021] 

Drawing 1 shows the whole fuel cell system outline configuration of a **** 1 operation gestalt. As 
shown in drawing 1 , the fuel cell system of a **** 1 operation gestalt is equipped with a fuel cell 
10, air supply equipment 21, a fuel supply system 31, an ejector vacuum pump 38, a control section 
40, and 41 grades. 
[0022] 

A fuel cell (FC stack) 10 generates power using the electrochemical reaction of the hydrogen as a 
fuel, and the oxygen as an oxidizer. The solid-state polyelectrolyte mold fuel cell is used as a fuel 
cell 10, two or more laminatings of the eel used as a base unit are carried out, and it consists of **** 
1 operation gestalten. Each eel has the composition that the electrolyte membrane was inserted with 
the electrode of a pair. The fuel cell 10 is constituted so that power may be supplied to electrical 
machinery and apparatus which are not illustrated, such as a drive motor and a rechargeable battery. 
In a fuel cell 10, by supplying hydrogen and air (oxygen), the electrochemical reaction of the 
following hydrogen and oxygen occurs and electrical energy occurs. 
(Hydrogen pole side) H2->2H++2e - 
(Oxygen pole side) 2H++l/202+2e~>H20 

The hydrogen which generation water generates according to this electrochemical reaction and 
which was both humidified by the fuel cell 10, and air are supplied, and the water of condensation is 
generated in the fuel cell 1 0 interior. For this reason, moisture exists in the fuel cell 1 0 interior. In 
addition, the voltage sensor 1 1 for detecting output voltage is formed in the fuel cell 1 0. 
[0023] 

The air supply path 20 for supplying air (oxygen) to the oxygen pole (positive electrode) side of a 
fuel cell 10 and the hydrogen supply path 30 for supplying hydrogen to the hydrogen pole (negative 
electrode) side of a fuel cell 10 are formed in the fuel cell system. Air supply equipment 21 is formed 
in the maximum upstream section of the air supply path 20, and the hydrogen feeder 3 1 is formed in 
the maximum upstream section of the hydrogen supply path 30. With the **** 1 operation gestalt, 
the high-pressure hydrogen tank with which it filled up with hydrogen gas as a hydrogen feeder 3 1 is 
used, using a compressor as air supply equipment 21 . 
[0024] 

The regulator (hydrogen supply pressure-control means) 32 for adjusting the hydrogen amount of 
supply and the hydrogen supply pressure from the hydrogen feeder 3 1 is formed in the hydrogen 
supply path 30. Moreover, the air supply-pressure detection sensor 22 for detecting an air supply 
pressure is formed near air supply path 20 fuel-cell 10 inlet port, and the hydrogen supply-pressure 
detection sensor 33 for detecting a hydrogen supply pressure is formed near [ in the hydrogen supply 
path 30 ] the fuel cell 10 inlet port. The hydrogen supply pressure to a fuel cell 10 is the discharge 
pressure (outlet pressure) of an ejector vacuum pump 38. 
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[0025] 

The off-gas circulation path 34 for making the off-gas containing the unreacted hydrogen discharged 
from a fuel cell 10 join the main supply hydrogen from the hydrogen feeder 31, and re-supplying it 
to a fuel cell 10 is established. The off-gas circulation path 34 has connected the hydrogen pole 
outlet side of a fuel cell 10, and the downstream of the regulator 32 in the hydrogen supply path 30. 
The check valve 37 for preventing the back flow of off-gas at the time of the draining valve 36 for 
discharging outside the vapor-liquid-separation machine 35 for carrying out separation removal of 
the moisture contained in off-gas and off-gas and external discharge of off-gas is formed in the off- 
gas circulation path 34. In addition, the water separated with the vapor-liquid-separation vessel 35 is 
discharged by opening the bulb prepared caudad. 
[0026] 

The ejector vacuum pump 38 is formed in the juncture of the off-gas circulation path 34 in the 
hydrogen supply path 30 as a pump means for circulating off-gas. An ejector vacuum pump 38 
attracts and circulates off-gas using the fluid energy of the main supply hydrogen supplied from the 
hydrogen feeder 31 . About an ejector vacuum pump 38, it mentions later. 
[0027] 

Two control sections (ECU) 40 and 41 are formed in the fuel cell system. While the opening of the 
accelerator 42 detected by the accelerator opening sensor 43 etc. is inputted into the 1 st control 
section 40, based on accelerator opening etc., the amount of demand generations of electrical energy 
of a fuel cell 10 is calculated. Furthermore, the 1st control section 40 calculates the hydrogen amount 
of supply required in order that a fuel cell 1 0 may generate the amount of demand generations of 
electrical energy, a required off-gas circulating load, and a required hydrogen supply pressure 
(ejector- vacuum-pump discharge pressure), and gives a command to the 2nd control section 41 . 
[0028] 

In addition, with a **** 1 operation gestalt, the ratio of the hydrogen amount of supply from the 
hydrogen feeder 3 1 and an off-gas circulating load serves as a fixed value (for example, 1 :0.2), by 
determining the need hydrogen amount of supply, a need off-gas circulating load can be determined 
uniquely, and a need hydrogen supply pressure can be uniquely determined from a need off-gas 
circulating load. The 1st control section 40 of a **** 1 operation gestalt is equipped with the map 
which defined beforehand the relation between the need hydrogen amount of supply, a need off-gas 
circulating load, and a need hydrogen supply pressure. 
[0029] 

The 1 st control section 40 calculates the amount of air supply required in order that a fuel cell 1 0 
may generate the amount of demand generations of electrical energy, and performs revolving speed 
control of a compressor 21 . At this time, the 1st control section 40 performs feedback control for the 
engine speed of a compressor 21 based on the sensor signal from the air supply-pressure detection 
sensor 22. In addition, the 1st control section 40 manages the generation-of-electrical-energy 
condition of a fuel cell 10 based on the sensor signal from a voltage sensor 1 1. 
[0030] 

Moreover, the control signal from the 1st control section 40 and the sensor signal from the hydrogen 
supply-pressure detection sensor 33 are inputted into the 2nd control section 41. The 2nd control 
section 41 outputs a control signal to a regulator 32 and an ejector vacuum pump 38 while it 
calculates the bulb opening of a regulator 32 based on the need hydrogen amount of supply and 
calculates the nozzle opening of an ejector vacuum pump 34 based on a need off-gas circulating 
load. Furthermore, the 2nd control section 41 outputs a control signal to the vapor-liquid-separation 
machine 35 and the exhaust air bulb 36. 
[003 1 ] 

Next, an ejector vacuum pump 38 is explained based on drawing 2 . Drawing 2 shows the cross- 
section configuration of an ejector vacuum pump 38. As shown in drawing 2 , the ejector vacuum 
pump 38 is equipped with the supply hydrogen port 381, the off-gas port 382, a nozzle 383, an 
exhaust port 384, the movable needle 385, the needle guide 386, the worm gear 387, and the motor 
388. 
[0032] 

The hydrogen supply path 30 is connected to the supply hydrogen port 381, and the off-gas 
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circulation path 34 is connected to the off-gas port 382. The nozzle 383 serves as a hollow 
configuration, and the supply hydrogen port 381 is open for free passage with the centrum of a 
nozzle 383, and it is opening the off-gas circulation path 382 for free passage with the periphery 
section of a nozzle 383. The centrum of a nozzle 383 has the taper section to which a path becomes 
small toward a point. For this reason, the main supply hydrogen flows out of nozzle 383 tip as a 
high-speed gas stream. 
[0033] 

As the main supply hydrogen used as a high-speed gas stream draws the off-gas which exists in the 
nozzle 383 periphery section, it flows to an exhaust port 384. Consequently, negative pressure will 
occur in the nozzle 383 periphery section, and the off-gas which flows the off-gas circulation path 34 
is attracted. The main supply hydrogen and off-gas which were mixed are discharged from an 
exhaust port 384, and are supplied to a fuel cell 10 through the hydrogen supply path 30. 
[0034] 

In the ejector vacuum pump 38 of a **** 1 operation gestalt, the movable needle 385 for adjusting 
the opening area (opening) of a nozzle 383 is arranged in same axle inside the nozzle 383. The 
movable needle 385 is driven by the motor 388 as an electric-type driving means through a worm 
gear 387, and moves to the shaft orientations of a nozzle 383. The end of the movable needle 385 has 
the taper section to which the cross section becomes small gradually toward a tip. By moving the 
taper section of the movable needle 385 to shaft orientations by the point of a nozzle 383, the 
adjustable control of the opening area of a nozzle 383 can be carried out at arbitration. If the 
movable needle 385 is specifically moved in the direction stored in a nozzle 383, the opening area of 
a nozzle 383 will be expanded, and if it is made to move in the direction which projects the movable 
needle 385 from a nozzle 383, the opening area of a nozzle 383 will contract. 
[0035] 

By adjusting the opening area of a nozzle 383, the circulating load of off-gas and the outlet gas 
pressure of an ejector vacuum pump 38 can be adjusted. The outlet gas pressure of an ejector 
vacuum pump 38 is a pressure of mixed gas with the main supply hydrogen and off-gas which are 
discharged from an ejector vacuum pump 38 and supplied to a fuel cell 10. While the rate of flow of 
the main supply hydrogen specifically becomes slow by expanding the opening area of a nozzle 383 
and the circulating load of off-gas decreases, the outlet gas pressure of an ejector vacuum pump 38 
rises. On the contrary, while the rate of flow of the main supply hydrogen becomes quick by 
reducing the opening area of a nozzle 383 and the circulating load of off-gas increases, the outlet gas 
pressure of an ejector vacuum pump 38 declines. 
[0036] 

Next, actuation of the fuel cell system of the above-mentioned configuration is explained based on 
the flow chart of drawing 3 . The flow chart of drawing 3 is performed by the above-mentioned 
control sections 40 and 41. 
[0037] 

First, by the 1st control section 40, based on accelerator opening etc., the amount Wo of demand 
generations of electrical energy of a fuel cell 10 is calculated (SI 00), and the need hydrogen amount 
of supply, a need off-gas circulating load, and the need hydrogen supply pressure Po are calculated 
based on the amount Wo of demand generations of electrical energy (SI 01). With the **** 1 
operation gestalt, these are calculated based on the map which defined beforehand the relation 
between the need hydrogen amount of supply, a need off-gas circulating load, and a need hydrogen 
supply pressure. 
[0038] 

Next, it judges whether the bulb opening of a regulator 32 and the nozzle opening of an ejector 
vacuum pump 38 are controlled by the 2nd control section 41 (SI 02), and the actual hydrogen 
supply pressure Ps is controlled by it by the need hydrogen supply pressure Po (SI 03). Specifically, 
the hydrogen supply pressure Ps judges whether it is within the limits of Po**alpha (alpha: control 
allowable tolerance). Consequently, when the hydrogen supply pressure Ps is not within the limits of 
Po**alpha, the size to the need hydrogen supply pressure Po of the actual hydrogen supply pressure 
Ps is judged, and the nozzle opening amendment direction of an ejector vacuum pump 38 is chosen 
(SI 04). 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran__web_cgi_ejje 7/20/2006 



JTP,2004-095528,A [DETAILED DESCRIPTION] 



Page 6 of 8 



[0039] 

When the actual hydrogen supply pressure Ps is larger than the demand hydrogen supply pressure Po 
(Ps>Po+alpha), nozzle opening of an ejector vacuum pump 38 is made small. Thereby, the rate of 
flow of the main supply hydrogen becomes quick, and while an off-gas circulating load increases, a 
hydrogen supply pressure declines. On the other hand, when the actual hydrogen supply pressure Ps 
is smaller than the demand hydrogen supply pressure Po (Po-alpha>Ps), nozzle opening of an ejector 
vacuum pump 38 is enlarged. Thereby, the rate of flow of the main supply hydrogen becomes slow, 
and while an off-gas circulating load decreases, a hydrogen supply pressure increases. 
[0040] 

When the hydrogen supply pressure Ps is within the limits of Po**alpha, the actual amount Wn of 
fuel cell generations of electrical energy is controlled by the amount Wo of demand generations of 
electrical energy, or it judges whether the actual amount Wn of fuel cell generations of electrical 
energy is more than the amount Wo of demand generations of electrical energy (S 1 07). 
Consequently, this control is ended when the actual amount Wn of fuel cell generations of electrical 
energy is more than the amount Wo of demand generations of electrical energy. 
[0041] 

On the other hand, when the actual amount Wn of fuel cell generations of electrical energy is less 
than the amount Wo of demand generations of electrical energy, it is thought that the hydrogen 
concentration in off-gas is falling. The nitrogen in the air supplied to an air pole moves the inside of 
an electrolyte membrane to a hydrogen pole side, and this is considered to be generated since the 
nitrogen concentration in off-gas becomes high. Therefore, the off-gas with which the exhaust air 
bulb 36 was wide opened, and hydrogen concentration fell is discharged outside (SI 08). Thereby, 
the hydrogen concentration in off-gas can be recovered. Then, it returns to step SI 03 and a hydrogen 
supply pressure is managed again. 
[0042] 

As mentioned above, based on the output of one pressure sensor 33, the opening of an ejector 
vacuum pump 38 can be controlled by using the controllable ejector vacuum pump 38 for an off-gas 
circulating load, and the hydrogen supply pressure (discharge pressure of an ejector vacuum pump 
38) and the amount of off-gas circulating flow to a fuel cell 10 can be controlled by it. Therefore, 
two or more pressure control valves are not needed like the conventional technique, but a system 
configuration can be made simple. For this reason, system cost can be reduced. Since it is not 
influenced of air supply pressure fluctuation while there is furthermore no pressure propagation 
delay in piping, the hydrogen supply pressure to a fuel cell 10 can be adjusted with a sufficient 
precision. 
[0043] 

Moreover, the discharge pressure of an ejector vacuum pump 38 is broadly controllable by 

controlling the pressure of the main supply hydrogen by the regulator 32. 

[0044] 

(The 2nd operation gestalt) 

Next, the 2nd operation gestalt of this invention is explained based on drawing 4 . As for a **** 2 
operation gestalt, the configurations of an ejector vacuum pump 38 differ as compared with the 
above-mentioned 1 st operation gestalt. The same part as the above-mentioned 1 st operation gestalt 
attaches the same sign, omits explanation, and explains only a different part. 
[0045] 

Drawing 4 shows the cross-section configuration of the ejector vacuum pump 38 of a **** 2 
operation gestalt. As shown in drawing 4 , the ejector vacuum pump 38ofa****2 operation gestalt 
is equipped with the bellows 389 as a spring means to expand and contract by fluctuation of a 
discharge pressure. It is fixed to the end side of the movable needle 385, and bellows 389 is 
expanded and contracted in the shaft orientations of the movable needle 385. Moreover, the 
discharge-pressure transfer port 390 is formed so that an exhaust port 384 and bellows 389 may be 
opened for free passage. Thereby, the discharge pressure from an ejector vacuum pump 38 is given 
to bellows 389 as a load. 
[0046] 

If the discharge pressure from an ejector vacuum pump 38 becomes high and elongation and this 
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discharge pressure will become low, bellows 389 is constituted so that it may be shrunken according 
to the spring force of bellows 389. For this reason, if a discharge pressure becomes low, in order that 
the movable needle 385 may move in the direction stored in a nozzle 383, the opening area of a 
nozzle 383 becomes large, an off-gas circulating load will decrease and a hydrogen supply pressure 
will become high. Moreover, if a discharge pressure becomes high, in order that the movable needle 
385 may move in the direction which projects from a nozzle 383, the opening area of a nozzle 383 
becomes small, an off-gas circulating load will increase and a hydrogen supply pressure will become 
low. 
[0047] 

Since nozzle opening is automatically selected according to the pressure of the main supply 
hydrogen adjusted with a regulator 32 according to the ejector vacuum pump 38 of such a 
configuration, a system can be simplified more. 
[0048] 

(The 3rd operation gestalt) 

Next, the 3rd operation gestalt of this invention is explained based on drawing 5 . As for a **** 3 
operation gestalt, the configurations of an ejector vacuum pump 38 differ as compared with the 
above-mentioned 2nd operation gestalt. The same part as die above-mentioned 2nd operation gestalt 
attaches the same sign, omits explanation, and explains only a different part. 
[0049] 

Drawing 5 shows the cross-section configuration of the ejector vacuum pump 38 of a**** 3 
operation gestalt. As shown in drawing 5 , the PTC (Positive Temperature Coefficient) heater 392 is 
formed in the ejector vacuum pump 38ofa****3 operation gestalt as a heating means to prevent 
the moisture coagulation in the ejector-vacuum -pump 38 interior under a low-temperature 
environment. PTC heater 392 is arranged so that the part where off-gas is mixed with the main 
supply hydrogen may be heated. Specifically, it is prepared from nozzle 383 point, applying [ 392 ] it 
to the exhaust port 384 of the hydrogen outflow direction downstream. Since the PTC component 
used for PTC heater 392 works as a constant temperature heating element which has a self- 
temperature control function as everyone knows, it can make energization control unnecessary. For 
this reason, it can be made a configuration simpleer than the case where a heat ray type heater is 
used. 
[0050] 

According to the ejector vacuum pump 38 of such a configuration, it can prevent that moisture 
solidifies in the ejector- vacuum-pump 38 interior under a low-temperature environment. Turbulence 
of the fluid flow of the ejector- vacuum -pump 38 interior generated with water condensation (ice) can 
be prevented by this, and highly precise flow rate supply control can be performed. 
[0051] 

Moreover, by preparing in the hydrogen outflow direction downstream from the point of a nozzle 
383, applying PTC heater 392, the off-gas containing moisture can heat the part mixed with the main 
supply hydrogen, and can prevent the coagulation of moisture effectively. 
[0052] 

(Other operation gestalten) 

In addition, although the opening area of an ejector vacuum pump 38 was controlled based on the 
discharge pressure of an ejector vacuum pump 38, an off-gas flow rate detection means to detect for 
example, not only this but an off-gas flow rate can be established, and it can also control by the 
above-mentioned 1 st operation gestalt based on an off-gas flow rate. 
[0053] 

Moreover, although the PTC heater was prepared with the above-mentioned 3rd operation gestalt as 
a heating means to prevent the moisture coagulation in the ejector- vacuum-pump 38 interior, the 
heater of not only this but other formats may be used. 
[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram showing the whole fuel cell system configuration of the 1st 
operation gestalt. 

[Drawing 2] It is the sectional view of the ejector vacuum pump of drawing 1 . 
JDrawjngJ] It is the flow chart which shows actuation of the fbel cell system of drawing 1 . 
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[Drawing 4] It is the sectional view of the ejector vacuum pump of the 2nd operation gestalt. 
[Drawing 5] It is the sectional view of the ejector vacuum pump of the 3rd operation gestalt. 
[Description of Notations] 

10 [ - A regulator, 33 / ~ A hydrogen supply-pressure detection sensor 34 / - An off-gas circulation 
path, 38 / - 40 An ejector vacuum pump, 41 / - Control section. ] ~ A fuel cell, 30 - A hydrogen 
supply path, 3 1 - A hydrogen feeder, 32 



[Translation done.] 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I] It is the conceptual diagram showing the whole fuel cell system configuration of the 1st 
operation gestalt. 

[Drawing 2] It is the sectional view of the ejector vacuum pump of drawing 1 . 
[Drawing 3] It is the flow chart which shows actuation of the fuel cell system of drawing 1 . 
[Drawing 4] It is the sectional view of the ejector vacuum pump of the 2nd operation gestalt. 
[Drawing 5] It is the sectional view of the ejector vacuum pump of the 3rd operation gestalt. 
[Description of Notations] 

10 [ » A regulator, 33 / — A hydrogen supply-pressure detection sensor 34 / » An off-gas circulation 
path, 38 / — 40 An ejector vacuum pump, 41 / - Control section. ] — A fuel cell, 30 - A hydrogen 
supply path, 31 — A hydrogen feeder, 32 
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